ABSTRACT
INTRODUCTION
The major problem in management of meningioma is increased vascularity of the tumor. The management of intraoperative bleeding during removal of large meningiomas is crucial for safe and efficient surgery. Preoperative embolization of meningioma is the treatment of choice in reducing vascularity (25) . This facility is not universally available and the technique has got its own limitations. Vascularity of meningioma can be reduced by proper use of cautery without prior embolization or by other methods such as radiotherapy, hydrogen per oxide (13) and alcohol injection (8, 14) . We all know that there can be significant bleeding from scalp and bone apart from the bleeding from dura matter and the tumor in meningioma surgery. There are reports of massive blood loss from diploic vein while opening of the skull (17) . We did not have access to the embolization in our institution until December 2010. Ligation or clamping of external carotid was used in (15, 20) . We therefore used temporary clamping of external carotid artery in 61 convexity, parasagittal and temporal base meningiomas to find out its safety and effectiveness.
MATERIAL and METHODS
This is a prospective study carried out in our institute from January 2002-December 2010. All 115 consecutively operated patients of large size (5 cm or more in diameter) convexity, parasagittal or temporal base meningiomas during the above period were studied. A detailed history and thorough physical examination, including Glasgow coma scale, was carried out. A CT scan was done in all patients ( Figure 1 ) and MRI could be done in 80 patients due to financial restraint. Routine blood and biochemical investigation were done. A MR angiography of neck vessels was done in all the patients to delineate the vascular anatomy and blood supply of meningioma ( Figure  2 ). Patients were divided into clamping or non clamping group. Three patients originally planned for non clamping group required clamping of artery due to excessive bleeding peroperatively and were excluded from the study. All patients were operated under general anesthesia. Ipsilateral external artery was exposed and clamped in the neck, prior to the skin incision of craniotomy. Special precautions were taken to watch for blood supply of the flap during the procedure. The clamp was removed after the complete excision of the tumor. Hemostasis was checked for 10 minutes after the removal of clip. The amount of blood loss, total blood transfused during the procedure and the duration of surgery were recorded.
Patients were observed for any postoperative flap necrosis, local infection and for any other complication. Fifty four patients with huge convexity, parasagittal or temporal base meningiomas, treated during same period, were treated without clipping of external carotid artery. Out of these 3 patients required clamping of external carotid peroperatively due to excessive bleeding from scalp and bone. These patients were excluded from the study. The amount of blood loss, duration of surgery and the amount of blood transfused were recorded and comparisons were done between clamping and non clamping group. Post-operative complications were also recorded. Both the clamping and non clamping groups were comparable in age, sex, neurological status and size of tumor. Same surgeon was involved in the both group surgeries. Postoperative CT scan and MRI scans were done in all the cases ( Figure 3 ).
RESULTS
The youngest and the oldest operated patients were 17 and 62 years old with a mean age of 36 years in clamping group. There were 45 females in clamping group. There were 27 convexity, 28 parasagittal and 6 temporal base meningiomas in clamping group while these were 21, 27 and 3 respectively in non clamping group. The size of meningiomas varied from 5 to 8 cm with an average of 6.42 cm in clamping group while it was ranging from 5 to 7.8 cms with an average of 6.38 cm in non clamping group.
The blood loss ranged from 200 ml to 800 ml with an average of 336.09 (±102.61) ml in the clamping group. While the blood loss in non clamping group ranged from 600 ml to 1400 ml with an average of 826.96 (±191.73) ml. The blood loss was significantly reduced in the clamping group compared with non clamping group (p<0.0001).
The amount of blood transfusion given in clamping group was from no transfusion to 700 ml with an average of 375.60( ±144.10ml) as compared to 700 ml to 1400 ml with an average of 867.39(±207.58) ml in non clamping group. The amount of blood transfusion given in clamping group was significantly lower than in non clamping group (p<0.0001).
The operating time in the clipping group ranged from 135 minutes to 210 minutes with an average of 149.17 (±15.56) minutes while it ranged from 205 minutes to 360 minutes with an average of 239.35 (±43.07) minutes in non clip group. The operating time was significantly lesser in the temporary clipping group (p<0.0001).
All the meningiomas except one each in clamping and non clamping groups were totally excised. Small part of tumor going into the partially occluded superior saggital sinus was left behind in both the groups. There was no mortality or scalp necrosis in any of the groups. There were only two cases of superficial skin infection in each group which were managed conservatively.
DISCUSSION
Blood supply from meningioma can be reduced by preoperative radiotherapy (22) intraoperative radiotherapy (4), embolization of the feeding vessel (5,25) and volumetric thermal devascularization (12) . Coagulation of feeders supplying meningioma can also be performed during surgery without using any of the above method. Two stage surgeries have been described to reduce blood loss. A case of large sphenoid ridge atypical meningioma that was successfully resected using a combination of two-stage surgery and irradiation (19) . In this case the tumor was still hemorrhagic and could be partially resected after the embolization of feeder vessels from the external carotid artery in the first surgery. There was a blood loss of 2,374 ml in first surgery. Second surgery was done after tumor irradiation to reduce blood loss.
Preoperative embolization is an effective method in the treatment of vascular meningioma when blood supply to the tumor is difficult to access at the time of surgery. It can also be done in the patients having supply from internal carotid; however, only few case reports of such embolization are available (2) . Developments of better catheters, embolization material and occlusion of vessels to prevent embolization in undesired location have made embolization a safe method.
There are limitations of preoperative embolization like some vessels are unsuitable for embolization (21) . In one study, there was no difference in blood loss and operative time in patients with or without embolization in skull base meningioma of more than 6 cms size. This was due to many tiny blood vessel feeding tumor which were unsuitable for preoperative embolization (18) . In another study, only about 60% tumors were embolized totally or sub totally while rests were partially embolized leaving significant blood supply to the tumor (7). Another limiting factor is its high cost and limited availability. Highly trained interventional neuroradiologists are needed for such a procedure. There are some complications associated with this technique also like death due to thromboembolization (6) , necrosis of scalp (1), hemorrhage in tumor, subdural hematoma (3), increase in size of tumor and permanent major neurodeficit (21) . Embolization procedure can produce injury to vessels with complications including arterio-venous fistula (23) . Sub selective embolization can produce scalp necrosis (16) . Hemorrhage in subarachnoid space are more common in large cystic meningioma treated by embolization (11, 24) . Availability of better catheters, newer embolization materials and expert neuroradiologists has decreased the complication rates in recent years but such facilities are not available at every centre.
Surgery of meningioma can also be done without prior embolization or temporary clamping. But significant blood loss can occur, especially in large meningiomas, from scalp, bone and dura mater before achieving hemostasis of these structures which is avoidable. The combined blood loss during removal of tumor and prior to tackling of tumor (loss occurring in raising scalp and bone flap) could be crucial for patients ultimate outcome.
The blood supply to all structures like scalp, skull, dura mater and tumor are reduced by the temporary clamping of external carotid artery therefore the total amount of blood loss is reduced in meningioma surgery. The feeders are mainly from external carotid in convexity, parasagittal and temporal base meningiomas. All the feeders, small or big (some of them are unsuitable for embolization), are cut off after the clamping of external carotid artery. The surgeon can release the temporary clip at any point if he or she feels that the vascularity of the flap is compromised. Neurological deterioration, due to increase in tumor size secondary to hemorrhage and necrosis in tumor, seen after pre-operative embolization, especially in huge meningioma, can be avoided. There is no need of an interventional radiologist and coordination of two departments. This method can be very effective in calvarial or extracalvarial meningioma.
There are also some limitations of this procedure also and some precautions need to be taken. It is essential to know detailed anatomy of external carotid artery and its branches preoperatively. It is important to know any anomalous origin of vessel from external carotid or any of its branches which may supply part of the brain (10) . There can be good co-lateral circulation from the contra lateral external carotid artery (9, 15) , ipsilateral internal carotid artery or the vertebral artery leading to a good circulation distal to temporary clipping of the external carotid artery. Blood loss, though less, may occur after clamping of carotid artery in such cases. There is also a theoretical risk of scalp necrosis and increased chances of infection. But in our study, there was no case of scalp necrosis or any increased risk of infection in clamped group. This could be due to better tolerance of decreased blood flow by scalp tissues. It is seen that the tissues can tolerate decrease in blood flow up to 50 %. Temporary clamping of atherosclerotic vessels can give rise to embolic phenomenon and permanent occlusion of vessels, therefore such vessels especially in old patients should be tackled very gently and carefully.
CONCLUSION
The temporary clipping of external carotid artery for very large convexity, parasagittal and temporal base meningioma is an effective and safe alternative method to embolization to reduce blood loss and the operating time.
